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ABSTRACT 

XTE J1908+094 is an X-ray transient black hole candidate in the Galactic plane that 
was observed in outburst in 2002 and 2013. Here we present multi-frequency radio and 
X-ray data, including radio polarimetry, spanning the entire period of the 2013 out¬ 
burst. We find that the X-ray behaviour of XTE J1908-I-094 traces the standard black 
hole hardness-intensity path, evolving from a hard state, through a soft state, before 
returning to a hard state and quiescence. Its radio behaviour is typical of a compact 
jet that becomes quenched before discrete ejecta are launched during the late stages 
of X-ray softening. The radio and X-ray fluxes, as well as the light curve morpholo¬ 
gies, are consistent with those observed during the 2002 outburst of this source. The 
polarisation angle during the rise of the outburst infers a jet orientation in agreement 
with resolved observations but also displays a gradual drift, which we associate with 
observed changes in the structure of the discrete ejecta. We also observe an unexpected 
90° rotation of the polarisation angle associated with a second component. 

Key words: X-rays: binaries - X-rays: bursts - Binaries: close - Stars: individual: 
XTEJ1908-h094 
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1 INTRODUCTION 


Relativistic jets are a standar d feature of black holes in 
both actively accreting (e.g., iMirabel fc Rodrfgued 


iFendeil [ 2 OO 6 II and quiescent (e.g., Gallo et ^ 2006l l low 
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mass X-ray binary (LMXB) systems. The evolution of the 
bipolar jets during an outburst even t is dependen t on the 
accretion rate onto the black hole (jPenderj I^Om and is 
closely coupled with the obser v ed X-ray “sta tes” (see e.g., 
iMcClintock fc RemillardI l2006l : iBellonil l20ld l. During the 
hard X-ray state of a standard LMXB outburst (when 
the X-ray spectrum is dominated by power-law emission 
from the optically-thin, geometrically-thick inner regions), 
radio emission from compact, partially self-absorbed, flat- 
spectrum {a ~ 0, where Lh oc i'°‘) jets is often observed. 
The radio emission of the compact jets increases in luminos¬ 
ity, from quiescent levels, before being quen c hed by a fac- 
tor of at least ~700 le.g.. lariat et ahlboill : iRussell et al.l 
at, or around, the X-ray peak of the outburst - cor¬ 
responding to the transition to the soft X-ray state (where 
the X-ray spectrum is dominated by a thermal blackbody 
component from the accretion disk). During this transition 
to the soft state, defined by various classes of intermedi¬ 
ate X-ray states, the overall radio emission is observed to 
become optically thin (a < 0) and, occasionally, to exhibit 
flares (though these may be easily missed due to low-cadence 
radio observations). In fact, in a number of sources, this 
optically-thin em ission has been spatially resolved as dis¬ 
crete ejecta (e.g.. iTing av et al.l ll995l : iMirabel &: Rodrfgued 
1 19981 : iMiller-Jones et ~ 2012l l. However, it is also worth 
noting that in some cases - such as the 2010 outburst of 
MAXIJ1659—152, which was observed to transition to a 
full soft state - no evidence of discrete e jecta were detected 
despite being well sample d at the time dParagi et al.l[201^ : 
Ivan der Horst et al.ll201al . Finally, towards the end of the 
outburst, when the X-ray luminosity dec reases to approxi¬ 
mately 2% of th e Eddington luminos ity (iMaccaron 3 I 2 OO 3 I: 
iDunn et al.ll201(]| : iKalemci et al.ll2013l ). the compact jets are 
reestablished and seen to fade with X-ray luminosity. 


Optically-thin radio emission from the discrete ejecta 
can, in the presence of an ordered magnet ic field, be lin - 
early polarised at a level of up to « 70% (lLongaiilll994h . 
The flat-spectrum compact jets can reach a fraction of this, 
depending on the underlying distribution of synchrotron 
spectra. However, the magnetic field is not necessarily or¬ 
dered and a number of mechanisms - such as multiple, un¬ 
resolved components that cancel each other out, or spatially 
dependent Faraday ro tation - can suppress th e resulting net 
polarisation (see e.g.. iBrocksopp et al.ll200n and references 
therein). Most LMXBs with published fractional polarisa- 
tions have be en observed at much lo wer levels of <10% (e.g. , 
lFenderlf200.8l and references therein: iBrocksopp et al]l2007l 'l 
with relatively few having fractional polar isations of «50% 
llBrocksopp et al.ll2013l : [^rran et al.ll2014l i. When detected, 
polarisation can be used to infer proper ties of the magnetic 
field and the surroundin g medium (e.g.. IStirling et ^120041 : 
iMiller- Jones et ^l2008h . as well as properties of the jet it¬ 
self. An alignment between the compact jet axis and the in¬ 
trinsic polarisat ion angle has now been observed in a number 


1.1 XTEJ1908+094 

The transient X-ray source, XTEJ1908+094 was first de¬ 
tected on 21 February 2002 (MJD 52326) by the Propor¬ 
tional Counter Array (PCA ) aboard the Rossi X -ray Timing 
Explorer (RXTE) satellite (I Woods et al.ll2002l ) . Very Large 
Array radio observations on 21 March 2002 (jPupen et al.l 
I 2 OO 29 refined the position in the Galactic plane {l,b = 
43.26°,-1-0.43°), to sub-arcsecond precisiorQ, as RA, Dec 
= 19:08:53.077, -b09:23:04.9 ± 0.1"(J2000). Further Very 
Large Array observations identified discrete ejecta, moving 
along the north-northwest directior0. Two possible near- 
infrare d counterparts were iden tified consistent with this po¬ 
sition (IChatv et al.ll20()^ . I2006l1^ . On the basis of X-ray tim¬ 
ing and spectral properties, including the detection of quasi- 
periodic oscillations (QPOs) in the power spectrum, the 
source was classified as a black hole candidate that exhibited 
both hard and soft states dCogiis et al ] |2004l : lhi’t Zand et al.l 
I 2 OO 2 II . Furthermore, limited quasi-simultaneous radio (Very 
Large Array and Westerbork Synthesis Radio Telescope, 
WSRT) and X-ray (RXTE) observations were found to be 
consistent with the expected har d state correlation of black 
holes (e.g.. lGallo et al.ll2003ll bv ijonker et al.l (l2004l L 

XTE J1908-I-094 was next detected in outburst on 26 
October 2013 (MJD 56591) by the Burst Alert Telescope 
(BAT) on the Swift satellite llKrimm et al.lf^l3al l and fur¬ 
ther detected by both the Swift X-ray Telescope (XRT) 
and the Monitor of All-sky X-ray Image ( MAXI) instru¬ 
ment aboard the Interna tional Space Station (iKrimm et al.l 
l2013l : lNegoro et al.ll2013h . A radio counterpart was detected 
at frequencies from 5 to 22 GHz at the Karl G. Jansky Very 
Large Array (VLA: lMiller- Jones et al.ll2013l ), the Arcminute 
Micr okelvin Imager Large Array (AMI-LA; iRushton et al.l 
2 OI 3 II. the Austr alia Telescope Gompact Array (ATGA; 


Goriat et al. lEH). the Very Long Baseline Array (VLBA) 


and the Euro pe an VLBI Network (EVN; Rushton et al.l 
lin preparationf l . iRushton et al.l din preparatiorj ) also con- 
firm the 2002 direction of jet motion along the north- 
northwest direction as well as identifying an expanding 
Southern component that fades to background levels and is 
superseded by a Northern component on MJD 56607. Here 
we present our VLA, Low-Frequency Array (LOFAR) and 
AMI-LA observations combined with X-ray monitoring of 
the 2013 outburst of XTE J1908-I-094. In section [5] we in¬ 
troduce the observations and reduction methods, while in 
section [3] we discuss the results of our photometric and po- 
larimetric analyses of the data and discuss their physical 
implications for the system. We summarise our findings in 
sectional 


of sources (e.g., Gorbel et al.ll200(il: iRussell fc Shahb^l20l4 


iRussell et al.1^15l l and, if common to all black hole X-ray 


LMXBs, this allows us to infer the orientation of unresolved 
compact jets. 


^ All uncertainties in this paper are quoted and/or plotted at the 
1(T confidence level. 

^ http: //www. aoc .nrao . edu/~inrupen/XRT/X1908+094/ 
X1908+094.shtml 

® Note that these authors misquote the RA as 19:08:53.77, 
though have used the correct position when identifying the coun¬ 
terpart. 
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2 OBSERVATIONS & ANALYSIS 

2.1 Radio data 

2.1.1 VLA 

XTEJ1908+094 was observed by the VLA from 29 Octo¬ 
ber to 22 November 2013 (15 epochs in B configuration) 
and again on 11 and 22 March 2014 in A conhguration (see 
Table [T]). Observations were primarily made at central fre¬ 
quencies of 5.25 and 7.45 GHz; each baseband was comprised 
of 8 spectral windows with sixty-four 2 MHz channels each, 
giving a bandwidth of 1.024 GHz per baseband. Further ob¬ 
servations were obtained in the 18-26 GHz band (central 
frequency of 22 GHz) using eight 1.024 GHz basebands, as 
above. Additionally, on 3 epochs observations were made 
in the 1-2 GHz band, which has 16 spectral windows with 
sixty-four 1 MHz channels each. The 1-2 GHz band is heavily 
affected by radio frequency interference (RFI) that reduced 
the usable spectral windows to between 5 and 6 (r;320 MHz), 
spread over the band, which was treated as a whole. This 
led to a total bandwidth of Ri500 MHz with an effective fre¬ 
quency of 1.6 GHz. 

Flagging, calibration and imaging of the data followed 
standard procedures and were carried out within the Com¬ 
mon Astronomy Software A pplication (CASA 4.2.1) pack¬ 
age llMcMullin et al.1 l2007ll . The primary calibrator used 
as the bandpass and polarisation angle calibrator, and to 
set the amplitude scale at all frequencies was either 3C48 
(J0137+331) or 3C286 (J1331+3030), depending on the lo¬ 
cal sidereal time of the observations. J1824+1044 was used 
as the secondary (phase) calibrator at 1.6 GHz, J1922+1530 
was used at 5.25 and 7.45 GHz and J1856+0610 was used 
at 22 GHz. The polarisation leakage calibrator at 5.25 and 
7.45 GHz was J2355+4950, except on 11 March 2014 when 
J1407+2827 was used. 

Images were generated with robust=0 weighting and 
phase self-calibration was performed on a per-band basis, 
or for 5.25 and 7.45 GHz on a per-baseband or per-spectral 
window basis depending on the signal to noise ratio (though 
we only tabulate results at the central frequencies of the 
basebands). The flux densities of the source were measured 
by fitting a point source in the image plane (Stokes I), and, 
as is usual for VLA data, systematic errors of 1% should be 
added at frequencies <10 GHz and 3% at 22 GHz. At 5.25 
and 7.45 GHz, Stokes Q and U flux densities were measured 
at peak (Table[T}. 


2.1.2 AMI-LA 

AMI-LA observed XTEJ1908+094 from 30 October 2013 
to 22 March 2014, with a cadence of between 1-4 days. 
Each epoch lasted approximately 4 hours, centred around 
the local sidereal time of the peak elevation of the source. 
AMI-LA consists of 8 x 12.8 m antennas with baselines rang¬ 
ing from 18-110 m, located at the Mullard R adio Astron¬ 
omy Observatory in the UK (AMI Consortium: IZwart et ahl 
l2008li . AMI-LA has an operational range of 13.9-17.5 GHz 
when using frequency channels 3-7, each with a bandwidth 
of 0.72 GHz (channels 2, 3 and 8 are disregarded due to their 
current susceptibility to interference). This gives a total use- 
able bandwidth of ~3.6 GHz, centred at 15.7 GHz. 

Initial data reduction was performed with the Python 



MJD-56000 

Figure 1. Hard Swift/BAT 15-50 keV, counts/second) and 
soft (MAXI 2—20keV, counts/secondSl Swift/XITT 3-9 keV, 
ergscm“^s~^) X-ray light curves. X-ray photon index (F), and 
radio (5.25 GHz & 15.7GHz, mjy) light curves. Due to the 
source’s proximity to the bright, persistent source GRS 1915+105, 
MAXI count-rates may suffer from contamination, especially at 
low luminosities. 


drive-ami pipeline llStalev et al.l 1201^ 1. drive-ami utilises 
the REDUCE software package, which is designed to take 
the raw AMI-LA data and automatically flag for inter¬ 
ference, shadowing, and hardware errors, conduct phase 
and amplitude calibration s, and Fourier tran sforms the 
data into wi;-FITS format llPerrott et ahll^OlSll . Short, in¬ 
terleaved observations of J1856+0610 were used for phase 
calibration. Imaging was conducted using the chimenea 
data reduction pipeline that has been specifically designed 
to deal with multi-epoch radio observations of transients 
dStalev fc AndersorJl201^ L The resulting peak AMI-LA flux 
densities of XTEJ1908+094 (Table[T]) were measured us- 
ing MIRIAD (ISault et al.l|l995ll and systematic errors of 5% 
llPerrott et aiL 2013l l should be added in quadrature. Note 
that the flux errors may be underestimated due to unclean¬ 
able artefacts resulting from the nearby off-axis radio-bright 
source that may be associat ed with the star forming region 
W49A llWebster et al.l[l97ll L For further details on the re- 
duction and ana l ysis p erformed on the AMI observations see 
lAnderson et al.l 1 201^ 1. 
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Figure 2. Radio light curves, spectral, and polarisation parameters of the source during outburst. The upper panel shows the flux 
densities at each of the 6 radio frequencies observed (legend is common to all panels), while the inlay shows the time-resolved 15.7 GHz 
data from MJD 56601.7. The second panel shows the radio spectral index, a (where Th oc while the third panel shows the fractional 
polarisations or limits, FP, at 2 frequencies (5.25 and 7.45 GHz; note that for clarity we only plot constraining limits, i.e., < 20%.). The 
fourth panel shows the rotation measure, RM, from independent (data points) and simultaneous (solid line with Icr errors as dashed 
lines) fitting of the epochs. Panel five shows the observed polarisation angles (blue and red) and the intrinsic electric vector position 
angle (EVPA), 9, derived from the independent (green) and simultaneous (black) fits of those PAs. The inverted triangles along the top 
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2.1.3 LOFAR 


LOFAR dvan Haarlem et alJ I 2 OI 3 II observed 
XTEJ1908+094 on four epochs over the period 7-18 
November 2013. Observations were obtained with the 
high-band antennas (HBA) from 115-189 MHz, using 380 
sub-bands, each with a bandwidth of 195.3 kHz. Each 
observation consisted of 20 minute snapshots of the field, 
interleaved with 1.5 minute scans of the primary calibrator, 
3C380, for a total of 160 minutes on source in all epochs, 
except the second observation where the total was 80 min¬ 
utes. The runs were mainly carried out during the daytime, 
and included transit; the minimum source elevation across 
all four observations was about 39°. Elagging , calibration 
and i maging followed standard methods (e.g. jHeald et al.l 
I 2 OIII : lOffringa et al.l I 2 OI 2 I : Ivan Haarlem et ^ l2013l i while 
amplitude calib r ation was based on the 3C380 model from 
IScaife fc HealdI (I 2 OI 2 I I. We performed phase-only calibra¬ 
tion on the target field using a local sky model determined 
by cross-correl ating the 74 MHz VLA Low-Frequency Sky 
Survey fVLSS: rColien et al.||2007 ) with th e 1.4 GHz NRAO 
VLA Sky Survey INVSS: ICondon eFZI Il998ll . Sub-bands 
were combined into six, approximately evenly-split bands 
and an ima ge was generated for each band with the task 
AwiMAGER jTasse et al.ll201a '). using robust = 0 weighting. 
These were then convolved to a common resolution and 
averaged, using inverse-variance weighting, to produce a 
final image. The projected baseline range was restricted to 
0.1-6 kA (maximum baseline approximately 12 km in the 
centre of the band). Although we used the full Dutch array 
in our observations, at the time of writing, long-baseline 
imaging was not routine with simple, computationally 
inexpensive calibration procedures such as the one we 
have adopted here. The minimum baseline cutoff was 
empirically determined so as to reduce the confusion limit 
due to extended emission along the Galactic Plane. The 
effective frequency of each image is about 145 MHz, and 
the average angular resolution is 55" x 33" (with a beam 
position angle of ~30°). No source was detected at the 
position of XTE J1908-I-094, on any epoch, above the flux 
limits given in Table[T] 


2 late epochs did not have enough counts to produce useful 
spectra {Swift Obs IDs 00033014037 & 039). 

Due to low count rates and the relatively high 
low-energy cutoff at 1.5 keV, we are unable to consis¬ 
tently distinguish between the physically-motivated ab¬ 
sorbed multi-coloured black-body plus power-law model 
(tbabs* (diskbb+pow) ) and the single absorbed power-law 
model (tbabs*powerlaw). Therefore we opt to fit a phe¬ 
nomenological power-law model (tbabs*powerlaw), purely 
to calculate the flux from 3.0 to 9.0 keV (Tabled Figure[T]) 
and, via the photon index, to indicate the X-ray state of 
the system. WT mode data are unaffected by pile-up. The 
absorption. Ah, was in the rang e 1.5-3.0 xl0^^cm~^ (con- 
sistent with the value found by lin’t Zand et al.l l2002l i and 
the reduced varied from 0.78 to 1.96, with a mean value 
of 1.29. 

Hard X-ray (15-50 keV) light curves (counts/seM 
were obtained by the Swift/HAT transient monitoilj 
llKrimm et al.l[2013lj) . The data points are based on daily 
average results from the monitor, which have been binned 
so that each point either has a significance of >3 sigma, 
or cove rs a period of seven d ays (Figure[T|. For comparison 
MAXI dMatsuoka et al.l2009l ') light curves were downloadecfl 
but due to the source’s proximity to the bright, persistent 
source GRS 1915-1-105, these m ay suffer from conta mination, 
especially at low luminosities jNesoro et al.ll2013h . 


2.3 Radio spectral indices 

We obtain the spectral index, a (where Fi, oc iz“), of the 
radio spectrum at each epoch with multiple observed fre¬ 
quencies by fitting a power-law to the derived flux densities, 
Fv, against frequency, v. Due to the short time-scale vari¬ 
ability of this source (section 13.111 we use only data which 
are simultaneous, i.e., the VLA data. The flux densities over 
the entire 1.6 and 22 GHz bands were used along with the 
flux densities at 5.25 and 7.45 GHz on a per-baseband or, for 
the brighter epochs, a per-spectral window basis. We obtain 
similar values for the spectral indices using both the per- 
baseband and per-spectral window flux densities. All epochs 
were well fit by a single power law with no need for addi¬ 
tional components. 


2.2 X-ray data 

We analysed 38 S'«)i/f/XRT Windowed Timing (WT) ob¬ 
servations of XTE J1908-1-094 obtained from 29 October to 
3 December 2013 and from 15 February to 17 March 2014 
(Table [ 2 ]). Between these dates XRT observations were not 
possible due to the position of the Sun (i.e. source was Sun- 
constrained). Due to the known issue of low-energy spectral 
residuals in WT data for heavily absorbed source^ we ex¬ 
tracted source and background spectra in the 1.5-10 keV 
range only (grades 0-2), using suitable extraction regions 
of radius ~75". Ancillary response files were generated us¬ 
ing the FTOOL xrtmkarf and the response matrix available 
at the time of observations. Spectra were rebinned to have 
a minimum of 20 counts per bin (so that xf statistics are 
valid) and analysed within xspec (version: 12.8.0), though 


2.4 Polarisation 

We derived the polarisation parameters at 5.25 and 7.45 
GHz from the measured flux densities of the Stokes /, Q and 
U images (Table[T]): linear polarisation, LP = yOp + LP', 
fractional polarisation, FP = 100 LP/P, and polarisation 
angle, PA = 0.5 arctan(f7/Q), which is degenerate such that 
derived angles may be offset by an integer multiple of ±180° 
from the true value. In the case of non-detections, the upper 
limit on polarimetry, Pumit, is calculated as 3 times the RMS 
noise of the linear polarisation over the field. The derived 
polarimetric parameters at 5.25 and 7.45 GHz are plotted 
in Figured 

Faraday rotation in the local or interstellar medium 
causes a rotation of the polarisation vectors at wavelength, 


http://www.swift.ac.uk/analysis/xrt/digest_cal.php#abs 


^ http://swift.gsfc.nasa.gov/docs/swift/results/transients 
® http://maxi.riken.jp 
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Figure 3. Plot of observed polarisation angle versus wavelength, 
and simultaneous fit for the rotation measure, for the 6 epochs 
with observed polarisations. The lower panel shows the residuals 
(in units of a) from the simultaneous fit. 


A, such that the intrinsic electric vector position angle 
(EVPA) of the source is related to the observed polarisation 
angle, PA, by EVPA = PA — RMX^ where RM is the ro¬ 
tation measure (e.g.. ISaikia fc Salteilll98^ . Given observed 
polarisation angles, the rotation measures and EVPAs (plot¬ 
ted in Figure[2} are derived from a linear fit of PA versus A^ 
for epochs where we were able to derive polarisation angles 
at multiple wavelengths. Independent fitting of each epoch 
returned consistent rotation measures, with a weighted av¬ 
erage of « 775radm“^. Appl ying a modified versi on of the 
simultaneous fit described by ICurran et al.l (l2007h we find 
a common rotation measure of 757 ± 16radm“^ and EV¬ 
PAs that agree with those of the independent fits {xt ~ 1-2; 
Figure[3) . 


3 RESULTS AND DISCUSSION 

3.1 Light curves &: spectral indices 

The broadband light curves (Figure[T]) of the monitoring ob¬ 
servations start to rise at MJD~56588-56590. Initially, these 
peak in the hard X-rays (15-50 keV), at MJD'~56595, before 
fading by MJD 56610. The softer X-rays (2-20 keV) have 
a more gradual rise and decline, peaking at MJD~56601. 
By MJD~56675, after a period of the source being Sun- 
constrained, they had returned to the RMS noise level 
of 0.0021 photonscm“^ s“3 (excluding outburst), though 
there may be hints of activity at later times. The 3-9 keV 
X-rays peak at MJD'~56606 and decay to quiescence at 
MJD>56729, though there is a wide range of MJDs that 


are not sampled when the source was unobservable due to 
the position of the Sun. 

The 5.25 and 7.45 GHz radio light curves (see also Fig- 
ure[2]) peak at a similar time to the 3-9 keV X-rays, at MJD 
56607, but have shorter rise and decay times of only -^5 
days. The higher-cadence 15.7 GHz observations reveal an 
sharp flare, peaking at MJD~56601.7, at the same time as 
the peak in the 2-20 keV X-rays. This flare rises by almost 
an order of magnitude in a day and falls by a factor of at 
least 26 on the same time-scale. A time-resolved analysis 
of this data point (see inlay of Figure[2]) reveals significant 
variability over the 4-hour observation, with an approximate 
decay consistent with the non-detection a day later. 

During the X-ray flux rise the observed photon index in¬ 
creased from r 2 to 5, where it remained until the Sun- 
constrained period. Noting that we were unable to fit a phys¬ 
ically motivated model to the Swift spectra (section l2.2l) . we 
define the soft state as the period when the photon index was 
~5; this definition is consistent both with the reported tran- 
sition to a soft state at MJD~56598 (iNegoro et aLllioi^ i and 
with the significant drop of hard (15-50 keV) X-ray photons 
at that time. When X-ray observations restarted, on MJD 
56703, the photon index of our phenomenological fit was at 
a much lower value (T < 2.5), suggesting that the source had 
returned to a hard state; though the still-decreasing photon 
index indicates that the source was still hardening through 
to MJD 56730. 

The observed radio spectra have indices, a, ranging 
from —0.1 to —0.8 (Figure[2|. Initially consistent with be¬ 
ing optically thick (a ~ 0), the indices steepen during the 
rise to maximum, at which point they flatten before again 
steepening with decreasing flux. The 3 initial spectral in¬ 
dices are ambiguous but the non-zero values could be con¬ 
sistent with the X-ray source trans itioning to a soft state 
at MJD'~56598 (iNegoro et al.ll20f^ '). On 7 epochs, we have 
low-frequency (145 MHz or 1.6 GHz) flux limits or detec¬ 
tions. On the 3 epochs where we have 1.6 GHz fluxes, the 
spectra are consistent with a single (optically thin) spec¬ 
tral index at each epoch, over the range of all observed 
frequencies (1.6-22 GHz). We have flux limits at 145 MHz 
on 4 epochs but only the 3cr limit on MJD -^56609 is con¬ 
straining, at a value of <12.5 mjy. Interpolating the 5.25, 
7.45 and 22 GHz to the same epoch as our 145 MHz ob¬ 
servations, and assuming a single power-law spectral index, 
indicates that XTE J1908-I-094 would have been detected at 
a level of «13 ± 2mJy. While this is not inconsistent with 
the non-detection, closer inspection of the 145 MHz image 
reveals no candidate at a lower significance (formal value 
at position is —5mJy), suggesting a possible break in the 
spectrum. The higher frequencies have a spectral index of 
a K, —0.26 ± 0.03, consistent with optically-thin emission 
from discrete ejecta, which suggests that the low-frequency 
emission at this time could be self-absorbed (a « 4-2.5), 
as previousl y observed at -^IGHz fo r a discrete ejection of 
CygnusX-3 llMiller- Jones et ^|2004^ . Future low-frequency 
observations from e.g., LOFAR or the Murchison Widefield 
Array (MWA), will allow us to constrain the value and study 
the evolution of the spectral breaks over a wider range of fre¬ 
quencies than is currently possible and hence, in the case of 
compact jets, constrain the length of the jet. 
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Photon index, P 



Radio flux density (mjy) 

Figure 4. Proxy Swift Hardness—Intensity diagram (photon in¬ 
dex versus flux) of the outburst, superimposed with 5.25 (circle) 
and 15.7 GHz (triangle) radio flux densities, with arrows repre¬ 
senting temporal direction. The dashed line represents the period 
when X-ray observations were unavailable due to the source being 
Sun-constrained. The radio flux peaked in the soft (or possibly, 
late-intermediate) state while the sharp 15.7 GHz radio flare at 
MJD 56602 (circled) occurred during the intermediate state. 


3.1.1 Hardness-Intensity 

We plot the X-ray photon index versus the 3-9 keV flux as 
a proxy for the standard hardness-intensity diagram (HID 
in Figure[4]). This clearly shows that the source started in a 
hard state before quickly softening at constant flux before 
dimming at its softest. By the time the source emerged from 
being Sun-constrained (see section [2.211 . it had reverted to 
the hard state at a low luminosity. T he source therefore 
followed the standard t rajectory (e.g . iHoman et al. I I 2 OOII: 
iHoman fc Bellonil l2005l : iBellonil I 2 OIC 1 I) through our proxy- 
HID. 

Though the X-ray spectra do not allow us to unam¬ 
biguously infer the states, the superimposed radio flux den¬ 
sities peak in either the late-intermediate or in the soft state, 
while the sharp radio flare, at MJD 56602, occurred during 
the intermediate state. Both of these radio flux maxima are 
consistent with the region associate d with bright emission 
from a recent discrete ejection event llFenderll2006t) . The ra¬ 
dio detection in the late, hard X-ray state indicates that the 
compact jet had been reestablished by MJD 56727, though 
due to limited VLA sampling and the AMI-LA flux limits 
it is unclear when it was reactivated. The 5.25-7.45 GHz 


spectral index at the time (a = 0.0 ± 0.9, Table[T} is uncon¬ 
straining. 


3.1.2 Comparison to 2002 outburst 

The 2013 outburst of XTE J1908-I-094 lasted about 150 days 
(as observed by XRT), with a soft state of between 25 and 
100 days. The total observed outburst is therefore signif- 
icantly shorter tha n the 2002 (RXTE-observed) outburst 
dCogus et al.l l2004l ). which lasted -^400 days, staying ac¬ 
tive into 2003; though the duration of the soft state, last¬ 
ing 60 days, could be comparable. Our rise time of ~15- 
20 days is significantly quicker than the RXTE observed 
rise times in 2002 of 50-80 days, though instrumental and 
energy-range differences will have a major effect. Overall 
however, the X-ray morphology displays no obvious differ¬ 
ences. We observed a peak X-ray (3-9 keV) flnx of «1.8 
xl0~® ergscm“^s“^ on MJD 56609. In 2002 the peak ob¬ 
served X-ray (2.5 -25 keV) flux was 2.8 xl0“® ergscm”^ s“^, 
on MJD 52355 (iGogiis et ahlliool ). which corresponds to 
psl.l xl0“® ergscm“^s“^ in the 3-9 keV range, assuming a 
power-law model. 

It is difficult to directly compare the peak radio flux 
due to poor temporal sampling over the 2002 outburst. As 
our observations show (Figure[^, without regular radio ob¬ 
servations many radio flares may go undetected, i.e., the 
sharp radio flare at MJD 56602 was only detected in our 
15.7 GHz observations and there was mo evidence of it in our 
less frequent 5.25 GHz data. In 2002^ the highest reported 
flux density was 1.8 mJy at 5.25 GHz, <10 times dimmer 
than our maximum flux density (13mJy at 5.25 GHz) but 
consistent with most of our measurements, which are at the 
mJy level. Likewise, when we plot X-ray versus radio lumi¬ 
nosity (Figure[6l see section 13.311 there is no difference be¬ 
tween data from the two outbursts. We therefore find that 
there is no significant difference between either the X-ray 
or radio flux behaviour of the two outbursts, despite the 
fact that the resolved, discrete ejecta were observed ^0.5” 
apart in 200and a factor of 10 less in 2013 (iRushton et al.l 
lin preparationh . 


3.2 Polarisation 

The radio emission at 5.25 and 7.45 GHz exhibits modest 
but variable levels of polarisation of 1-14% during the peak 
of the outburst (Figure[2|. At other epochs, we place upper 
limits on the fractional polarisation but at MJDs >56611 
these limits are over 20% and are not constraining. The frac¬ 
tional polarisation is at a minimum at the peak flux, on MJD 
56607, though the absolute polarised flux density remains 
relatively constant throughout at 0.1-0.5mJy so the mini¬ 
mum fractional polarisation may be caused by the increase 
in total intensity. The derived rotation measure of 757 ± 
16radm“^ over all epochs is marginally higher than the 
RMs previously measured in this region, though those ex- 
hibit significa nt va riation with —600 < RM < 6 00 radm“^ 
ll Taylor et al.ll2009l : iKronberg fc Newton-McGeell201ll ). The 
observed polarisation angles and inferred EVPA exhibit a 
clear « 90° rotation from —120° on MJD 56603 to an av¬ 
erage (though slightly decreasing) value of —30° between 
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Figure 5. Schematic representation of the flux and polarisation 
from a compact, partially self-absorbed jet demonstrating that 
the polarisation of the flat spectrum is dominated by optically- 
thin regions. The underlying distribution of the electron popula¬ 
tions producing the individual synchrotron spectra is arbitrary, 
as are the flux and frequency units. 


MJDs 56604 and 56607; they are then observed to return to 
their original values on MJD 56608. 


3.2.1 Electric vector position angle & magnetic field 

Before we discuss XTE J1908-1-094, let us first consider the 
expected theoretical relationship between EVPA and mag¬ 
netic field for both compact, partially self-absorbed, flat- 
spectrum jets and optically-thin discrete ejecta. The radio 
emission originating from an optically-thin discrete ejection 
is that of a single synchrotron spectra while the emission 
from a compact, partially self-absorbed jet is a superposition 
of multiple synchrotron spectra (e.g., iBlandford fc Konigll 
ll979l : [Hiellming fc .lohnstonlMS^ l. each with both optically- 
thin and self-absorbed regions. Since fV oc at 

self-absorbed frequencies and El, oc 

at optically-thin frequencies (assuming a typical value of 
the electron energ y distribution index, p = 2.4, e.g., 
ICurran et al.l 120101 1 the combined, flat spectrum (Eigure[Sl) 
will be dominated by emission from optica lly-thin regions 
of th e individual synchrotron spectra (e.g., IZdziarski et al.l 
[ 20 II). Assuming a uniform magnetic field, optically-thin 
synchrotron emission is expected to have a maximum frac¬ 
tional polarisation, FP < 100(p-I l)/(p-I 7/3) « 72% while 
self-absorbed synchrotron e mission, on the other hand, has 
FP < 300/(6p -1 13) « 11% (lLongairj|l99l) . The maximum 
fractional polarisation is therefore expected to be FP < 72% 
for optically thin ejecta and a fraction of this, depend¬ 
ing on the underlying electron populations, for compact, 
partially self-absorbed jets (Figure[5]). Likewise, while the 
EVPA of self-absorbed synchrotron emission is expected to 
be aligned parallel to the underlying magnetic field, the ob¬ 
served EVPA of a partially self-absorbed source will be dom¬ 
inated by optically-thin emission, which is aligned perpen¬ 
dicular to the mag netic field (e.g., iGinzburg fc Svrovatskiil 
1 19691 : lLongair|[l99^ . Therefore, the EVPAs of both compact 


jets and discrete ejecta should be aligned perpendicularly to 
their magnetic fields. 

Between MJDs 56604 and 5660, the observed EVPAs 
of XTE J1908-1-094 of « —30° originate from a magnetic 
field perpendicular to the jet/ejection axis (north-northwest 
direction) observed in 2013 by both the VLBA and EVN, 
and, in 2002, by the Very Large Array. These epochs co¬ 
incide with the period when the VLBA cle arly detected a 
dominant com ponent moving to the south (IRushton et al.l 
lin preparationh . In the simplest geometry of discrete ejecta, 
the d ominant ma gnetic field is caused by shock compres¬ 
sion (iLaingl [i980l l and is parallel to the shock front (i.e., 
perpendicular to the jet axis). Our observations are hence 
consistent with such a strong forward shock in the southern 
component. It is also interesting to note that the EVPA de¬ 
creases and deviates from the jet/ejection axis as the VLBA- 
observed Southern component becomes spatially larger. This 
may indicate that magnetic field compression due to a for¬ 
ward shock becomes weaker as the ejection expands, allow¬ 
ing a differently orientated magnetic field to dominate the 
polarised emission. 

The clear ~90° rotation of the EVPA between MJDs 
56607 and 56608, just after the peak of the flux, co¬ 
incides with the fading of the southern component and 
the dominance of a new component moving to the north 
dRushton et al.h . Clearly, this discrete ejection does not 
follow the simple geometry described above but a more 
complex geometry due to, e.g., a complex magnetic field, 
latera l expansion, velocity shear, etc. (see ICurran et al.l 
I 2 OI 4 I and references therein). Without spatially-resolved po- 
larimetry, as has been obtained for both LMXBs (e.g.. 


Miller-Jones et ^ 20081) and, more common l y, AGN (e.g., 
Ljslgr fc HomanI l2005l : iGomez et al.l I 2 OO 8 I : Iffoman et alJ 


2009ll . it is not possible to determine which of these, if any. 


explain the non-standard magnetic field geometry. 

Our initial EVPA, on MJD 56603, of « —120° originates 
from a magnetic field aligned in the north-northwest direc¬ 
tion, along the jet/ejection axis. It is unclear which of the 
two components, if either, this originates from since there is 
no resolved imaging at this time but it is unlikely that we 
are observing the compact jet. The X-ray photon index sug¬ 
gests that the source is already in a soft state and, while the 
radio data at this epoch are consistent with either a flat or 
an optically thin spectrum, the sharp radio flare, observed 
at 15.7 GHz o n MJD'^5660 2, is indicative of a transition to 
the soft state llFenderll2006lf . 

Variable EVPAs, or ‘rotator events’, similar to the ~90° 
rotations observed here have previously been observ ed in 
the LMXBs GR O J1655—40 |Hanni kainen et al.ll200(j) and 


GRS 1915-1- 105 llFender et al.ri2002l L an^ in a number of 
AGN (see ISaikia fc Salter! 1988I . and references therein). 
They are thought to be caused by changes in the magnetic 
field or shock conditions but, as we have demonstrated, may 
also be due to different, unresolved components dominating 
the emission at different times. 


3.3 Source distance 

The transition from soft to hard states at the end of X- 
ray binary outbursts are observed to cl uster at approxi¬ 
mately 2% of the E ddingt on luminosity llMaccaronel l2003l : 
iKalernci et al.l[2013l L While [Punn et aIT(l2010l l find a signif- 
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Figure 6. Upper panel: Assuming that the source transitions 
from a soft to hard state at 2% of the Eddi ngton luminosity 
and a representative black hole mass of 8 Mq llKreidberg et all 
l2012ll . the observed fluxes imply a source distance of 11 kpc 
(red), or, for a black hole mass of 3Mq, 6.8kpc (blue). Width 
of lines corresponds to uncertainty in observed flux at the state 
transition observed in 2002. Solid and dashed lines represent 
2, 1 and 3 % of the Eddington luminosity. Lower panel: The 
hard-state X-ray-radio luminosity corre lation shows repres enta- 
tive data from the upper (GX 339—4; ICorbel et al.l l2013l) and 
lower (H1743—322; ICoriat et al.|[201lh branches, overlaid by our 
data for XTE J1908-I-094 at assumed distances of 6.8 kpc and 
11 kpc (the latter distance being more consistent with the rep¬ 
resentative data). 


tegrated from 0.5-10'^ keV, we find that the transition occurs 
at 1.3 X 10“^ ergscm ~^s~^. Assuming a re presentative 


black hole mass of 8 Mq (jKreidberg et al.]|2012l) this implies 
that the distance to XTEJ1908+094 is ^llkpc (7.8-13.6 
kpc using the observed 1-3% range of transition fluxes), or 
?=:6.8kpc (4.8-8.3 kpc) for a black hole of 3 M q (Fig ure O- 
While there is uncertainty (| Gallo et al.l 12014) as to 
whether the correlation between the X-r ay and radio lumi¬ 
nosities of LMXBs in the hard state (e.g., Hannikainen et ^ 


te fe _ 

1 19981: ICorbel et al]|200(]|. I 200 I l2013l: iGallo et alJkOOl l2012t) 

is universal, it remains a useful diagnostic of source dis¬ 
tance. In Fi gureElwe plot repres entative data from the upper 
(GX 339-4; ICorbel et al]l20ll assu ming, as they do, a dis- 
tance of 8 kp c; Zdziarski et ahlkooif and lower (H1743—322; 
ICoriat et al.l 1201 il l branches. For comparison, we calculate 
the lu minosities of X TE J1908-I-094 ov er/at the same ener¬ 
gies as ICorbel et al.l and ICoriat et al.l . at both 6.8 and 11 
kpc (from above). Assuming a flat spectrum, we calculate 
the luminosity at 5 GHz from both our 5.25 and 15.7 GHz 
observations, for comparison with X-ray observations which 
occurred within 24 hours. We also plot the 8 .3 GHz radio 
flux on MJD 52723.5 and 52741.5 (2003) from (Ijonker et al.l 
I 2 OO 4 II and, using their spectral parameters, the interpolated 
3-9 keV X-ray flux on 52722.0 and 52748.6. We did not ex¬ 
trapolate these data to a common epoch as any extrapola¬ 
tion will be insignificant within errors. 

We find that the luminosities inferred assuming a source 
distance of 11 kpc are more consistent with the representa¬ 
tive data of other black hole sources, though there is some 
scatter. Regardless of the source distance, XTE J1908-1-094 
appears to fall on the low er, radio-quiet bran ch of the X-ray- 
radio flux relation (e.g. ICoriat et al.l 120111) . The inconsis¬ 
tency of the 6.8 kpc data at low X-ray luminosities is caused 
by data from MJD 52741/8 (i.e., one of the 2003 points) 
and MJD 56727 (i.e., our late-time point); while the earlier 
point has a 7-day difference between observation epochs, 
the later point is based on data with only 11 hours differ¬ 
ence, during a period with little variability. 11 kpc is also 
consistent with the lower limit of >6 kpc estimated from 
the peak bolometric flux in 2002 (lin’t Zand et al.l I 2 OO 2 I I. 
as is 6.8 kpc. Thou gh the optical extinction {Eb-v ~ 5.4; 
ISchlegel et al.l 19 98ll in that regio n (Z, b = 43.26°, -1-0.43°) or 
derived, via iGfiver fc Ozel l2009l . from our observed X-ray 
extinction (2.2 < Eb-v 4.4) is quite high, neither are in¬ 
consistent with the detection of a ne ar-infrared counterpart 
at Rsllkpc dChatv et al.ll200^ . I 2 OO 6 I I. 


icant spread of values from 0.5 to 10%, usin g sources with 
poorly constrained masses and distances, iKalemci et al.l 
(120131) find a much narrower spread from 1 to 3%. Our ob¬ 
servations do not cover the state transition itself but from 
X-ray fluxes in the soft and hard states (on MJD 56629 and 
56703) this transition must have occurred at a flux of be¬ 
tween ~l-8 xl0“^° ergscm“^s“^ (3-9keV). This is consis¬ 
tent with the transitio n flux of 4.2-5 . 0 xl0 ~^° ergs cm“^ s“^ 
(2.5-25 keV) found bv lGogfis et al.l ll2004l) for the 2002 out¬ 
burst of this source, at MJD 52425 -52425. Gonvertin g the 
latter values to bolometric flux as in iMaccaron 3 (l2003l'l . i.e., 
assuming a spectrum of dA''/di5 oc E~^'^ exp^“^/^°°'"*^^ in- 


4 CONCLUSIONS 

We obtained multifrequency radio data of the LMXB and 
black hole candidate XTE J1908-1-094 from the VLA and 
AMI-LA arrays, spanning the entirety of its 2013 outburst. 
We also analysed the Swift/XJET X-ray data from this pe¬ 
riod and compared with the available MAXI and Swift/BAT 
X-ray light curves. We determine that the broadband light 
curves, X-ray hardness-intensity and X-ray-radio flux rela¬ 
tion are all consistent with XTE J1908-I-094 being a black 
hole LMXB. The source traced the standard hardness- 
intensity path, evolving from a hard state, through a soft 
state, before returning to a hard state. The radio behaviour 
is typical of a compact jet that becomes quenched and tran- 
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sitions to a discrete ejection at the late stages of X-ray soft¬ 
ening dFendeJbOOdi . We note that there is signihcant radio 
variability on time-scales of both hours and days and that 
this variability can only be observed with daily monitor¬ 
ing observations - without which many radio flares may go 
undetected. Neither the X-ray nor radio flux or light curve 
morphology displayed any significant differences from the 
2002 ontbnrst of this source, despite the obvious difference 
in separation of the resolved, discrete ejecta between the two 
outbursts. 

Radio polarisation measnrements allowed us to in¬ 
fer the jet orientation as being approximately in the 
north-northwest direction, in agreement with the resolved 
observations. We also observe a sharp 90° rotation of 
EVPA associated with a change of dominant component 
in resolved observations, as well as a lower-level EVPA 
drift associ ated with the expansion of th e ejecta reported 
elsewhere (iRushton et al.l lin preparatiorj) . Assuming that 
XTE J1908-I-094 is a SMq black hole, we estimate a dis¬ 
tance of ~llkpc (7.8-13.6 kpc) to the source, based both 
on the bolometric X-ray flux at the soft to hard transi¬ 
tion and on the X-ray-radio flux relation. Regardless of the 
source distance, XTE J1908-1-094 is the newest addition to 
the l ower, radio-quiet b ranch of the X-ray-radio flux relation 
(e.g. ICoriat et alJl20lih . 


ACKNOWLEDGEMENTS 

We thank the anonymous referee for constructive com¬ 
ments. We thank T.J. Maccarone for useful discussions and 
A.M.M. Scaife for valuable input on the AMI-LA data. This 
work was supported by Australian Research Council grant 
DP120102393. DA acknowledges support from the Royal 
Society. GRS is supported in part by an NSERC Discov¬ 
ery Grant. SM is supported by the Spanish Ministerio de 
Ciencia e Innovacion (S.M.; grant AYA2013-47447-C03-1- 
P). This work is supported in part by European Research 
Council Advanced Grant 267697 ‘4 Pi Sky: Extreme Astro¬ 
physics with Revolutionary Radio Telescopes’. The National 
Radio Astronomy Observatory is a facility of the National 
Science Foundation operated under cooperative agreement 
by Associated Universities, Inc. We thank the staff of the 
Mullard Radio Astronomy Observatory for their invaluable 
assistance in the operation of AMI-LA. LOFAR, the Low 
Frequency Array designed and constructed by ASTRON, 
has facilities in several countries, that are owned by vari¬ 
ous parties (each with their own funding sources), and that 
are collectively operated by the International LOFAR Tele¬ 
scope (ILT) foundation under a joint scientific policy. This 
research has made use of NASA’s Astrophysics Data Sys¬ 
tem. Swift XRT data was supplied by the UK Swift Science 
Data Gentre at the University of Leicester and Swift BAT 
transient monitor results were provided by the Swift/BAT 
team. 


REFERENCES 

Anderson, G. E., et al. 2014, MNRAS, 440, 2059 
Belloni, T., ed. 2010, Lecture Notes in Physics, Berlin 
Springer Verlag, Vol. 794, The Jet Paradigm 


Table 2. Swift observation ID, ObsID, XRT X-ray fluxes of 
source from 3-9 keV, Fx[3-9keV]) the photon index of the 
power-law fit to spectra, T. 


Epoch 

(MJD) 

ObslD 

■^X[3-9keV] 

(xl0-t° 

ergs cm“^ 

r 


56594.84 

33014001 

7.23 ± 0.19 

1.80 

± 0.07 

56597.91 

33014002 

11.70 ± 0.20 

2.12 

± 0.05 

56599.53 

33014003 

14.60 ± 0.23 

2.84 

± 0.05 

56604.85 

33014004 

13.80 ± 0.23 

4.71 

± 0.05 

56605.80 

33014005 

13.20 ± 0.23 

4.73 

± 0.05 

56606.05 

33014006 

15.10 ± 0.34 

4.61 

± 0.08 

56607.39 

33014007 

14.50 ± 0.24 

4.44 

± 0.06 

56608.05 

33014008 

13.40 ± 0.21 

4.49 

± 0.06 

56609.19 

33014009 

10.20 ± 0.17 

4.91 

± 0.06 

56610.79 

33014010 

11.40 ± 0.24 

4.97 

± 0.07 

56611.33 

33014011 

7.57 ± 0.17 

5.08 

± 0.07 

56612.60 

33014012 

11.70 ± 0.21 

4.97 

± 0.06 

56614.40 

33014014 

9.18 ± 0.19 

5.04 

± 0.07 

56615.73 

33014015 

8.74 ± 0.18 

4.86 

± 0.07 

56616.13 

33014016 

8.88 ± 0.18 

4.95 

± 0.07 

56619.06 

33014017 

8.06 ± 0.18 

5.03 

± 0.07 

56624.47 

33014018 

7.39 ± 0.17 

4.86 

± 0.08 

56629.00 

33014019 

7.79 ± 0.16 

5.11 

± 0.07 

56703.93 

33014020 

1.13 ± 0.09 

2.36 

± 0.18 

56704.67 

33014021 

1.07 ± 0.06 

2.44 

± 0.15 

56705.87 

33014022 

1.09 ± 0.06 

1.84 

± 0.15 

56706.67 

33014023 

1.08 ± 0.05 

2.11 

± 0.12 

56708.67 

33014024 

1.02 ± 0.02 

2.13 

± 0.17 

56713.00 

33014025 

0.83 ± 0.11 

2.23 

± 0.25 

56713.13 

33014026 

1.28 ± 0.06 

1.67 

± 0.23 

56713.20 

33014027 

0.64 ± 0.01 

1.52 

± 0.23 

56715.13 

33014028 

0.55 ± 0.05 

1.79 

± 0.22 

56717.46 

33014029 

0.54 ± 0.07 

1.82 

± 0.23 

56718.74 

33014030 

0.68 ± 0.12 

2.03 

± 0.28 

56719.33 

33014031 

0.65 ± 0.10 

1.72 

± 0.27 

56721.72 

33014032 

0.53 ± 0.06 

1.41 

± 0.24 

56723.73 

33014033 

0.66 ± 0.10 

1.99 

± 0.28 

56723.19 

33014034 

0.57 ± 0.08 

1.46 

± 0.24 

56725.93 

33014035 

0.47 ± 0.08 

1.89 

± 0.28 

56727.06 

33014036 

0.43 ± 0.08 

1.94 

± 0.32 

56729.08 

33014038 

0.38 ± 0.07 

1.43 

± 0.32 


Blandford, R. D., & Konigl, A. 1979, ApJ, 232, 34 

Brocksopp, G., Gorbel, S., Tzioumis, A., Broderick, J. W., 
Rodriguez, J., Yang, J., Fender, R. P., & Paragi, Z. 2013, 
MNRAS, 432, 931 

Brocksopp, G., Miller-Jones, J. G. A., Fender, R. P., & 
Stappers, B. W. 2007, MNRAS, 378, 1111 

Ghaty, S., Mignani, R. P., & Israel, G. L. 2006, MNRAS, 
365, 1387 

Ghaty, S., Mignani, R. P., & Vanzi, L. 2002, lAUG, 7897, 
2 

Gohen, A. S., Lane, W. M., Gotten, W. D., Kassim, N. E., 
Lazio, T. J. W., Perley, R. A., Gondon, J. J., & Erickson, 
W. G. 2007, AJ, 134, 1245 

Gondon, J. J., Gotten, W. D., Greisen, E. W., Yin, Q. F., 
Perley, R. A., Taylor, G. B., & Broderick, J. J. 1998, AJ, 
115, 1693 

Gorbel, S., Goriat, M., Brocksopp, G., Tzioumis, A. K., 
Fender, R. P., Tomsick, J. A., Buxton, M. M., & Bailyn, 
G. D. 2013, MNRAS, 428, 2500 

Gorbel, S., Fender, R. P., Tzioumis, A. K., Nowak, M., 













Polarimetry as a probe of unresolved jets: XTE J1908-1-09j 11 


Table 1. Radio flux densities of source, Fu^, at frequency, and Stokes Q and U flux densities or 3cr upper limit on polarisation, Pumit? 
at 5.25 and 7.45 GHz (statistical errors only). Additional 15.7GHz data, plotted in figure [T] are not tabulated but have 3cr upper limits 
of < 0.24mJy. 
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